A defining challenge of our time is to feed an increasingly populated, urban and affluent planet while minimizing the loss of diverse and crucial ecosystems. The focus of attempts to increase global food production has therefore turned to closing yield gaps -increasing productivity of existing farmland to reach a crop's potential regionally attainable yield 1, 2 . On page 671, Zhang et al. 3 tackle this challenge at the ground level, working closely with small-scale farmers in rural China to increase crop yields in practical and locally appropriate ways. Their work raises the question: what exactly does it mean to talk about yield gaps on a local scale?
On a global scale, yield gaps are viewed as a function of a relatively small set of factors. One study 4 estimated that climate, fertilizer application and water-irrigation techniques explain 60-80% of the variation in yield for major crops, and that closing gaps to meet attainable yields would increase global production of key crops by 45-70%. At the local scale, on-farm productivity depends on these factors, as well as on management practices such as sowing date and planting density, and on socioeconomic aspects such as labour availability and market access. On the ground, the conversation about yield gaps leaves the conceptual realm of productivity in optimal conditions, and turns to the adoption of agricultural technology and the design of interventions to remove constraints on productivity. This is the scale at which Zhang and colleagues offer their contribution: the results of a project designed to improve actual yields on actual farms.
Zhang et al. provide a detailed description of a technology-transfer programme known as the Science and Technology Backyard in Quzhou County, China. Over a five-year period, the project team assessed cropmanagement techniques and measured maize (corn) and wheat yields at a local research station and in farmers' fields. By assuming that the productivity achieved at the research station represents attainable yields, they identified management practices associated with lower yields on farms, including choice of crop variety, planting density and timing, and management of soil tillage and waterirrigation infrastructure. Project staff worked with farmers ( Fig. 1) to redesign cultivation recommendations to meet local needs, and to implement techniques designed to surmount yield constraints.
As reported by Zhang and colleagues, these efforts led to impressive results. Within the five-year period, the research team estimated that combined maize and wheat yields in the fields of lead farmers -skilled farmers who worked closely with the researchersincreased from 67.9% to 97.0% of attainable levels, with an increase from 62.8% to 79.6% of attainable yields countywide.
When viewed through the lens of closing yield gaps, this is a remarkable achievement. But questions arise about whether that is the most useful way to frame this work, and how this local-scale technology-transfer project is linked to global food-production goals. Is this story really about yield gaps, and should it be?
It is unclear whether the data reported in this paper can be described accurately as yield gaps. Zhang et al. compare yields on an annual basis or averaged over a few years, and these data naturally display high levels of variability between years, fields and crops. Such patterns are probably a function of spatial and temporal variability in weather, pest and disease burdens, soils and topography, in addition to management factors. In general, yieldgap studies assess yields across many years, and ideally include crop-simulation models to account for multiple sources of variability 2, [4] [5] [6] . It is also worth considering whether a focus on the yield of maize and wheat is the best metric of success. 
lobal warming is causing tundra ecosystems to undergo hydrological changes as a result of thawing of the underlying permafrost 1 -the permanently frozen soil layer that acts as a barrier to soil drainage. Thawing of permafrost can cause a reduction in soil moisture through increased soil drainage. The effect of these changes on the fluxes of greenhouse gases (carbon dioxide and methane) released from the Arctic is of great concern, because a vast amount of carbon is stored in this permafrost-dominated region. But our understanding of how hydrological changes in the Arctic affect net greenhouse-gas emissions has been limited by the short-term nature of previous experiments and available observations. Writing in Biogeosciences, Kwon et al. 2 report the long-term effect of drainage on vegetation and CO 2 flux by returning, after a decade, to a site in the Russian Arctic that was experimentally drained.
Soil moisture is a dominant control on the carbon balance of tundra ecosystems -the amount of carbon released to the atmosphere through respiration versus the amount stored in vegetation through photosynthesis. This is because soil moisture tightly controls the growth and metabolism of microbes that degrade organic carbon in soil, and which thus produce CO 2 and methane. Several experiments have tested the impact of either flooding or draining on greenhouse-gas fluxes from Arctic tundra, a few of which were performed on a large ecosystem scale 3, 4 , but only over the course of a few years. Kwon and colleagues' study is the only large-scale drainage experiment performed in the Russian Arctic, and the only large-scale study to look at the effect of drainage after more than just a few years.
The authors report that drainage has increased the temperature in near-surface soils, whereas the temperature of the deeper soils has fallen. Drier soils conduct heat less effectively than wetter ones, and the upper soil layers have therefore accumulated heat, warming more than deeper soils. The warming of near-surface soil layers is expected to increase soil respiration, because these layers are the richest in easily decomposable organic matter. Sure enough, the authors found that surface warming has stimulated decomposition and CO 2 loss.
Kwon et al. also noted that drying of the soil increased the abundance of shrubs and Carex sedges, which do well in dry environments, and decreased the abundance of cotton grass (Eriophorum angustifolium), which flourishes in wetter soils. This 'shrubification' is consistent with that previously reported in Alaska 5 and across the Arctic in general 6 . Such increases in shrub abundance might boost the productivity and CO 2 uptake of tundra ecosystems. However, the authors report that the net effect of drainage in their study is an increase in the amount of CO 2 emitted to the atmosphere, which will ultimately magnify climate change.
Importantly, Kwon and colleagues show that the increase is highest during the cold season, a notoriously under-studied part of the year in tundra ecosystems. Cold-season emissions are seldom measured in the Arctic because of the logistical difficulties in collecting such measurements, but such emissions can be a dominant component of the overall carbon balance [7] [8] [9] . The authors compared the drained site with a nearby un drained site, an approach that adds greatly to our understanding of the long-term implications of hydrological changes on tundra ecosystems. Ideally, the two sites would have been measured and compared before one of the sites was manipulated. Unfortunately, these baseline data are missing, and so there is no information about differences between the sites that might be due to factors other than drainage. Tundra ecosystems can show substantial differences in vegetation and the depth of the water table, for example, over distances of a metre or less. However, the area studied by Kwon et al. is more homogeneous than many tundra sites, which probably limits the effect of such spatial variability.
The study would also have benefited from the inclusion of measurements of methane flux from the tundra, because methane might be a crucial component of the carbon balance 
Long-term effects of permafrost thaw
Carbon emissions from the Arctic tundra could increase drastically as global warming thaws permafrost. Clues now obtained about the long-term effects of such thawing on carbon dioxide emissions highlight the need for more data.
The net effect of drainage in this study is an increase in the amount of CO 2 emitted to the atmosphere.
as lack of knowledge, risk aversion and labour shortages. In reality, focusing on yield can expose farmers to increased risk of crop failure or food insecurity 7 . Farming is a risky business, and farmers might need to minimize variability across their entire operation 5 , or they could prioritize income from off-farm employment as a primary strategy to achieve household food security 8 . Increased productivity resulting from technology-transfer programmes does not necessarily correlate with a decrease in poverty or an increase in overall well-being for farmers 9 . Even global analyses of yield gaps indicate that closing gaps might not be economically rational for farmers 2, 4 , and that yield-gap assessment must be accompanied by analyses of markets, policies and other institutional factors 5 . This project clearly provides a well-received and effective set of tools for improving farm management, inspiring both private-and public-sector engagement throughout the region. However, some of the other outcomes presented by Zhang et al. might be more valuable than crop yields as indicators of the project's success. For example, compared with farmers in control villages, those involved with the programme in project villages displayed substantially better agricultural knowledge and achieved higher nutrient and water-use efficiencies, indicating increased access to appropriate information and technology. The creation of pathways for communication between farmers, farming educators, and researchers is crucial to the success of small farms. Successful participatory interventions can boost yields, but they also allow farmers to make more-informed decisions about trade-offs, risks and livelihood strategies.
A seminal paper 2 on the topic referred to yield gaps as "a concept". The question raised by Zhang and colleagues' work is how that concept can best be used in the service of smallscale farmers. If the goal of closing yield gaps can be used to improve the transfer of information and technology to farmers, as it seems to have been in this case, that might be enough. 
